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Methods
From 1988 to 1990, a total of 67 129 Japanese non-workers or daytime workers (27 755 men and 39 374 women) aged 40-79 years, without a history of stroke, heart disease or cancer, completed a lifestyle questionnaire. They were followed for mortality until the end of 2003.
Results
During the 879 244 person-year follow-up, 9643 deaths (2852 from CVD, 3643 from cancer, 2392 from other internal causes, 738 from external causes and 18 from unspecified causes) were observed. After adjustment for possible confounders, subjects with a daytime napping habit had elevated hazard ratios (HRs) for mortality from all causes [HR 1.19, 95% confidence interval (CI) 1.14-1.24, P < 0.001], CVD (HR 1.31, 95% CI 1.22-1.42, P < 0.001), non-cardiovascular/non-cancer internal diseases (HR 1.26, 95% CI 1.16-1.37, P < 0.001) and external causes (HR 1.28, 95% CI 1.10-1.50, P ¼ 0.001), but not for cancer death (HR 1.03, 95% CI 0.96-1.10, P ¼ 0.400). The risk of CVD mortality associated with daytime napping was diminished among overweight subjects, but pronounced in those with weight loss after age 20 years, with non-regular employment, with lower education level and with a follow-up period <5 years.
Conclusions Daytime napping is associated with elevated risk of CVD mortality as well as non-cardiovascular/non-cancer and external deaths. Daytime napping may elevate risk of CVD death through some biological effects but, to a larger extent, some comorbid disorders
Introduction
Habitual sleeping patterns affect autonomic nervous activity and blood pressure, 1 and therefore the risk of cardiovascular disease (CVD). Our epidemiological studies indicate that a total sleeping duration per day of 7 h has the lowest risk of all-cause 2 and CVD mortalities. 3 However, the contribution of daytime sleeping has not been fully investigated in epidemiological studies. Habitual daytime napping is associated with a higher risk of all-cause mortality among the elderly, [4] [5] [6] but only a few studies have investigated the association between daytime napping and CVD risk, and the results have been inconsistent. Trichopoulos et al. reported that 30 min of daytime napping was associated with a 21% decreased risk of acute non-fatal coronary heart disease through a case-control study in Greece. 7 A cohort study by Naska et al. also reported a 34% decreased risk of coronary disease mortality among Greek men and women who took a daytime nap in comparison with those who did not. 8 On the other hand, a case-control study from Costa Rica reported an elevated risk of acute myocardial infarction associated with daytime napping. 9 An Israeli cohort study showed a 53% elevated risk of CVD death in men, although the statistical power was weak due to the limited number of study subjects. 4 Because all these epidemiological studies on CVD have been conducted in countries where habitual daytime napping is common, we do not have sufficient knowledge concerning the effect of daytime napping on CVD in other countries. Furthermore, evidence for an effect of daytime napping on cause-specific CVD death is very limited. Thus, we examined the relationship between daytime napping and mortality from cause-specific CVD, total CVD, non-CVD and all causes among Japanese men and women in a large cohort study.
Methods Subjects
The present investigation was conducted under the Japan Collaborative Cohort Study for Evaluation of Cancer Risk sponsored by Monbusho (JACC Study). 10 From 1988 to 1990, 110 792 individuals (46 465 men and 64 327 women) aged 40-79 years living in 45 communities across Japan participated in municipal health screening examinations and completed a self-administered questionnaire about their lifestyles and medical histories. Written informed consent was obtained from the study participants following the completion of the questionnaire, except for subjects from nine study areas for whom group consent was given by the head of each local government. In Japan, until the ethical guideline for epidemiological studies was first established by the Japanese government in 2002, obtaining permission from a community leader to perform an epidemiological study in health fields was common. Moreover, the Japanese ethical guideline allows such established epidemiological studies to continue without obtaining additional personal informed consents. The study design was approved by the Ethical Board of Nagoya University School of Medicine, where the central secretariat of the JACC study was located.
Of the total participants, 90 513 subjects provided a valid response (yes or no) to the question about daytime napping habit in the preceding year of the baseline survey: ''Do you take a daytime nap?''. From these subjects, we excluded night or shift workers and those with any previous history of stroke, heart disease or cancer. The remaining 67 129 subjects (27 755 men and 39 374 women) were enrolled in the present analyses.
Follow-up
Death and moving out from the study area were registered through resident registration records provided from the local government of each study area. Individuals who moved out from the study area were censored to the follow-up. The cause of death was confirmed, with the permission of the DirectorGeneral of the Prime Minister's Office (currently, the Minister for Internal Affairs and Communications), by death certificates. The underlying causes of death were coded according to the International Classification of Diseases, 10th Revision, for the National Vital Statistics. The study subjects were followed for mortality until the end of 2003, except for four communities in which the follow-up had ended in 1999. The median follow-up period for mortality was 14.3 years and the total follow-up period was 879 244 person-years.
Statistical analysis
To examine statistical differences in baseline characteristics between subjects with a daytime napping habit (nappers) and those without (non-nappers), Student's t-test was used for continuous variables and chi-square test was used for categorical variables. The hazard ratios (HRs) of daytime napping for allcause and disease-specific mortalities were calculated by sex-and age-adjusted Cox proportional hazards model for both sex combined analyses, and by the age-adjusted model for sex-specific analyses. ), perceived mental stress (low/medium/high/extremely high), number of depressive symptoms (0/1/2 or more), working status (regular employees/part-time or temporary employees/ non-employee workers/housekeepers/non-workers), educational background and walking time per day (<30 min/$30 min/530 min to <1 h/51 h). Although we do not have detailed information concerning the types of job of non-employee workers, 76% of them declared to be self-employed and many farmers could have been included in this category because our cohorts have consisted of individuals mainly living in the rural areas of Japan. 10 Perceived mental stress was assessed by the question: ''What is the level of stress in your daily life?''. The number of depressive symptoms was calculated following the method by Tamakoshi et al. 2 Briefly, four psychological or behavioural items were used to judge depressive symptoms in this analysis: (i) Do you think your life is meaningful?; (ii) Do you think you make decisions quickly?; (iii) Are you enjoying your life?; and (iv) Do you feel others rely very much on you? Positive, neutral and negative response categories were provided for each question, and the number of negative responses was counted as the number of depressive symptoms. Educational background was evaluated by age (in years) at completion of education: 519, 16-18 or 415. According to the current Japanese system, compulsory and high-school educations are completed at ages 15 and 18 years, respectively.
Interaction of daytime napping with each confounding factor used for the multivariable adjustment on the risk of selected cause of death was tested by adding an interaction variable, daytime napping Â each factor, in men and women combined Cox proportional hazards models. For multicategorical factors, interaction variables were made for all dummy variables for each factor and statistical contribution of the set of these interaction variables in the model were tested using Wald statistic. When a factor strongly interacted with daytime napping with a P-value of <0.05 on any cause of death in the multivariable model, stratified analyses were also applied in order to clarify how the factor interacts. Age, blood pressure level, status of medical treatment and socio-economic factors were also applied for the stratification to be considered when discussing their role in modulating or confounding the association between daytime napping and the risk of the selected causes of death. In order to assess the risk of daytime napping on early death from a selected cause, the HR was calculated by limiting the follow-up period to 45 years. Then, this HR was compared with that calculated for subjects who could be followed for 45 years.
Endpoints for these analyses were all-cause death and death from specific causes such as total CVD (I00-I99), cerebral infarction (I63), cerebral haemorrhage, (I61), subarachnoidal haemorrhage, (I60), ischaemic heart disease (I20-I25), heart failure (I50), cancer (C00-C97), internal cause other than CVD and cancer (non-cardiovascular/non-cancer diseases, A00-B99, D00-H95, J00-R99) and external causes (external death, S00-T98). All statistical analyses were performed using the SPSS 13.0 software package (SPSS Inc., Chicago, IL).
Results
At baseline, 10 128 of 27 755 men (36.5%) and 11 528 of 39 374 women (29.3%) indicated they took naps (Table 1) . Nappers were considerably older, slept longer, had higher systolic blood pressure, were more likely to have two or more depressive symptoms, to have lost weight since age 20 years, to have medical histories of treated hypertension, diabetes and diseases under medical treatment, and were less likely to be current alcohol drinkers, to have high mental stress, to have a job and to have high educational background for both men and women. Men with napping habits tended to walk longer and were less likely to be current smokers, whereas napping women had a higher mean BMI and diastolic blood pressure than non-nappers.
A total of 9643 deaths (5661 men and 3982 women) had occurred by the end of 2003. Of these deaths, 2852 subjects died from CVD, 3643 from cancer, 2392 from non-cardiovascular/non-cancer internal diseases and 738 from external causes. We could not specify underlying causes of death for 18 cases; they were included only in analyses for the risk of allcause mortality. Deaths due to CVD included 479 cerebral infarctions, 294 cerebral haemorrhages, 194 subarachnoidal haemorrhages, 569 ischaemic heart diseases, 458 heart failures and 858 other CVDs.
Daytime napping was associated with a higher risk of all-cause mortality both in men and women ( Table 2 ). The multivariable adjusted HR was 1.19 [95% confidence interval (CI) 1.14-1.24, P < 0.001] for men and women, 1.15 (95% CI 1.09-1.21, P < 0.001) for men alone and 1.23 (95% CI 1.15-1.31, P < 0.001) for women alone. The excess risk of all-cause mortality in men and women was similar in subjects <65 years of age at baseline DAYTIME NAPPING AND MORTALITY (n ¼ 51 256, multivariable HR 1.17, 95% CI 1.10-1.26, P < 0.001) and among those aged 565 years (n ¼ 15 873, multivariable HR 1.18, 95% CI 1.12-1.24, P < 0.001).
Cause of death-specific analyses for both sexes revealed that daytime napping was associated with higher risk of mortality from total CVD (HR 1.31, 95% CI 1.22-1.42, P < 0.001), cerebral infarction (HR 1.38, 95% CI 1.14-1.66, P < 0.001), cerebral haemorrhage, (HR 1.34, 95% CI 1.06-1.70, P ¼ 0.016), heart failure (HR 1.42, 95% CI 1.18-1.73, P < 0.001), noncardiovascular/non-cancer internal causes (HR 1.26, 95% CI 1.16-1.37, P < 0.001) and external causes (HR 1.28, 95% CI 1.10-1.50, P ¼ 0.001) even after adjustments for possible confounders. Although the risk associated with daytime napping generally seemed stronger in women than in men, no considerable interaction with sex was observed for the risk of any causes of death.
In the stratified analyses, daytime napping was positively associated with the risk of total CVD mortality regardless of age, depressive symptom, walking time, blood pressure level, treated hypertension and any disease under medical treatment (Table 3) . On the other hand, the association of daytime napping with the risk of total CVD mortality was weaker among subjects with BMI 525 kg/m 2 than among those with lower BMI (P for interaction ¼ 0.036). That association was stronger among persons with weight loss since age 20 years than among those with stable or gained weight (P for interaction ¼ 0.034).
Compared with regular employees, the excess risk of total CVD mortality associated with daytime napping was the largest among part-time/temporary employees followed by non-workers, non-employee workers and housekeepers, although this interaction was not statistically confirmed (P for interaction ¼ 0.609). The excess risk of total CVD mortality associated with daytime napping tended to be larger among those with lower education level (P for interaction ¼ 0.080). A higher excess risk was observed if the follow-up period was limited to <5 years. These interactions were not observed for mortality from non-cardiovascular/non-cancer internal diseases or for external causes except for working status. The excess risk among part-time/temporary employees was similarly observed for mortality from noncardiovascular/non-cancer internal diseases.
Daytime napping was associated with larger excess risk of mortality from non-cardiovascular/non-cancer diseases among subjects with more depressive symptoms (P for interaction ¼ 0.022). No dose-dependent association was observed between the excess risk and walking time, although the risk of mortality from external causes associated with daytime napping was interacted with walking time per day (P ¼ 0.008). Difference in number of subjects between total study subjects (n ¼ 67 111) and sum of subjects in each stratified analysis is number of subjects with missing value for the stratification except for years of follow-up. Adjusted variables in the multivariable adjusted model are described in Table 2 , but a variable used for the stratification was excluded in each stratified analysis.
a Number at risk and number of deaths are described as nappers/non-nappers.
b P for interaction is not calculable for years of follow-up.
c Maximum follow-up period was limited to 59 months and deaths from target disease observed within this period were counted as endpoints.
d
Only subjects who could be followed for 560 months were analysed. DAYTIME NAPPING AND MORTALITY
Discussion
Daytime napping was associated with elevated risks of mortality from all causes, total CVD, cerebral infarction, cerebral haemorrhage, heart failure, noncardiovascular/non-cancer internal diseases and external causes in the present large prospective study of middle-aged Japanese. Although a positive association between daytime napping and all-cause mortality has been reported mainly in the elderly, [4] [5] [6] we also observed a positive association in subjects aged 40-64 years old in the present study. In addition, we did not observe an interaction between daytime napping and age for any cause of death, suggesting that age does not modify the association between daytime napping and risk of death.
In contrast to the negative association between daytime napping and risk of ischaemic heart disease reported elsewhere, 7, 8 we observed a strong association between daytime napping and elevated risk of total CVD mortality, which is supported by other studies showing a positive association between them. 4, 9 We also found that daytime napping was associated with death from cerebral infarction, cerebral haemorrhage and heart failure.
Some sleep-related biological mechanisms could explain the association between daytime napping and CVD. The morning has the highest risk of the day for cardiovascular events, with a rapid rise in blood pressure caused by activation of the sympathetic nervous system. 12 Since blood pressure patterns during daytime napping are similar to nocturnal sleep, [13] [14] [15] a rapid rise in blood pressure after napping 16 could be associated with sympathetic nervous activation and CVD risk. Indeed, some studies in Greece have shown that an evening peak in stroke incidence is observed in parallel with a transient elevation in blood pressure after siesta. [17] [18] [19] The prothrombotic effects of an acute change in posture in the morning 20, 21 could also occur after daytime napping and may trigger thrombotic cardiovascular events. An evening peak in embolic stroke incidence due to atrial fibrillation in the Greece study may suggest a transient acceleration of prothrombotic activity after siesta. 19 A circadian pattern of the incidence of CVD among nappers and its relation to these biological findings should be further investigated in future studies.
Possible existence of some comorbid disorders may also explain the increased risk of CVD mortality among nappers. The risk of CVD deaths associated with daytime napping was diminished among obese subjects, but increased among those with weight loss since age 20 years or cases where follow-up periods were limited to <5 years. These interactions were not seen for other causes of death, suggesting the presence of underling factors that can cause weight loss, daytime napping and increased risk of early death from CVD. Apart from clinically apparent diseases, occult disorders may also contribute to taking a nap because the elevated risk of total CVD mortality associated with daytime napping was similarly observed regardless of presence or absence of a medically treated disease.
Cardiac dysfunction could be one such comorbid disorder. Although we excluded subjects with heart disease at baseline, some subjects might have had undiagnosed heart disease, leading to weight loss 22 or insomnia, [22] [23] [24] which may lead to daytime napping. 25 Heart disease itself can be a cause of early death from heart failure. Intra-left-ventricular thrombus and atrial fibrillation caused by left ventricular dysfunction can cause cerebral embolism, 26 and anticoagulation therapy can cause cerebral haemorrhage. 27 Hyperthyroidism can also cause weight loss, fatigue, heart failure and possibly cerebral embolism through atrial fibrillation. [28] [29] [30] Although daytime napping itself is not a characteristic of hyperthyroidism, a patient with fatigue might wish to rest during the day.
Depression [31] [32] [33] and sleep apnea 34, 35 are associated both with daytime napping and elevated CVD risk, but may not have contributed considerably to the elevated CVD risk among nappers in our study. The elevated risk was not pronounced among subjects with more depressive symptoms or those with overweight; a strong risk factor for sleep apnea.
Socio-economic factors such as working status and educational background seemed to have interacted with daytime napping on the risk of total CVD mortality in the stratified analyses. As for working status, part-time/temporary employees, non-employee workers, housekeepers and non-workers had larger excess risks of total CVD mortality associated with daytime napping than regular employees. We should cautiously interpret this finding because both causal and reverse causal explanations can be made. Their daily working schedule, which is less strict than that of regular employees, could have enabled them to have more frequent and long daytime napping, which could result in the emphasized risk difference from non-nappers if daytime napping had causal effects on the elevated risk of CVD. On the other hand, regular employees, even when in poor health conditions, may have been prohibited from daytime napping due to their limited daily schedule. The inclusion of such subjects into non-nappers might have diminished the difference in risk from nappers among regular employees. In addition, regular employees with impaired physical conditions might have sought a job without fulltime hours. It is likely that such dropouts from regular employment were included into the part-time/temporary employees.
A similar excess risk for mortality from noncardiovascular/non-cancer internal diseases associated with daytime napping among part-time/temporary employees may also suggest the inclusion of such dropouts into this working category. This may be one reason why daytime napping was most strongly associated with total CVD mortality among part-time/ temporary employees.
The larger excess risk of total CVD mortality associated with daytime napping among less-educated subjects may raise the possibility that characteristics of nappers may differ by educational level. Since a lower educational status has been related to a higher risk of CVD in the Japanese, 36 a higher prevalence of undiagnosed CVD in less educated subjects could explain the association between napping habit and CVD death.
Daytime napping was also positively associated with risks of mortality from non-cardiovascular/non-cancer internal diseases and external causes. The risk of non-cardiovascular/non-cancer internal deaths was pronounced among subjects with depressive symptoms. In the present study, nearly half (45.2%) of the deceased subjects in that category died from pulmonary disease, and subjects with chronic lung disease often have depressive symptoms 37 and insomnia. 24 Habitual nappers may feel daytime sleepiness either before napping, or if they do not take a nap, which may lead to accidents or injuries 38, 39 and increase the risk of external death.
In summary, daytime napping was associated with risk of mortality from all causes, total CVD, cerebral infarction, cerebral haemorrhage, heart failure, noncardiovascular/non-cancer internal diseases and external causes. Circadian rhythms of biological factors associated with napping may be a mechanism of the increased risk of CVD. To a larger extent, however, the possible presence of underlying conditions causing weight loss or associated with non-regular employment and low education level could explain the association between daytime napping and CVD mortality. 
KEY MESSAGES
From 1998 to 1990, 67 129 Japanese adults aged 40-79 years were followed until the end of 2003.
Daytime napping was associated with elevated risk of all-cause mortality, death from CVD, non-cardiovascular/non-cancer internal death and external death.
The risk of CVD death associated with daytime napping was diminished among obese subjects, but increased among those with weight loss after the age of 20 years, with non-regular employment, with lower education level and with a follow-up period <5 years.
Daytime napping may elevate the risk of CVD death but some comorbid disorders could partly explain this association.
